Tadashi
SUZUKI* LACK (1954) stated a hypothesis that "in most birds clutch-size has been evolved through natural selection to correspond with the largest number of young for which the parents can on the average find enough food."
This hypothesis may be acceptable at least for the nidicolous birds in the temperate regions. But it is still unknown whether or not this hypothesis can be applied to many species of birds (KREBS, 1972) . To understand this basic problem which is closely related to the life of birds, it is necessary to know that how the parents utilize limited time and energy to take food for their nestlings, how much food they take for the nestlings, and how they allocate their time and energy in relation to other activities. There are many species whose nestlings are supplied with the different types of food items which are different from each other in nutritional value, mode of dispersion, availability and so on. For example, the nestlings of hummingbirds are supplied with two types of food, nectar and insects (SKUTCH, 1973) , those of manakins with fruits and insects (SNOW, 1962) , and those of the black-faced dioch with seeds and insects (WARD, 1965) . In these birds, the composition of food supplied to nestlings may change with the growth of the nestlings. A clear example for this was shown by WARD (1965) .
There is no quantitative investigation, either in laboratory or in the field, on the change in the intake of various foods during the growth of a nestling, because it is difficult to isolate and measure the amount of each food item taken by the nestling.
The domestic bengalee (Lonchura striate var. domestica) eats green leaves of vegetable as well as grass seeds. The purpose of this study is to ascertain, when a surplus amount of one kind of grass seed and one kind of green leaf is supplied, how much of seed and green leaf is eaten by an adult bengalee, how much of a food item is supplied to nestlings, and how much time an adult spends to collect each food item for the nestlings under certain experimental conditions. In this paper, the amount of foods taken were mainly dealt with.
bird shop in Tokyo.
After they were reared under the same experimental condition for about a month, they were separated in pairs and reared in metal wire cages, 38 cm wide, 40 cm high and 40 cm long. Each cage was provided with a bottle-shaped nest made of straws, two plastic perches, a small plastic case with small pieces of oyster shell, a slender plastic case with green leaves, a water-supply, and a food container. The water-supply and the food container were placed on the centre of floor of the cage and the others were hung on the front metal wire at the same level as that of the lower perch. During the nesting stage, fine plant fibres were provided as nest materials. The lower side of the cage was surrounded by a binyle sheet. Brief description of breeding of the bengalee in a cage. A pair of bengalees usually begins to breed soon after they are brought together in a breeding cage. The female lays an egg daily, a clutch being 4 to 8. When 2 or 3 eggs are laid, the parents begin to incubate. Though both male and female participate in incubation, it is done mainly by the female. An nestling hatches after about two weeks' incubation and it takes several days for all the eggs to hatch. Both female and male feed their nestlings by regurgitation.
The parents brood the nestling alternately in the early stage. The nestlings fledge in about 25 days after hatching. Several days later the fledglings become to be able to eat by themselves.
Soon after the young are removed from the cage, or sometimes even when they are present with their parents in the cage, the parents start the next reproduction. In my experiment, when the female laid an egg it was replaced by an imitation egg and the egg removed was kept in a refrigerator till all eggs of a clutch were laid. After all eggs were laid, they were returned to the nest, so that the incubation of all the eggs in the clutch starts at one time and the nestlings hatch almost on the same day. In these procedures, however, some accidents have occurred and in many cases the number of eggs in the nest was less than the actual clutch-size. And it was impossible to make uniform the number of eggs incubated or of the nestlings for every nest.
Foods. The bengalee is essentially a seedeater. It eats various kinds of grass seeds and also green leaves of vegetables, but does not eat animal diets. For the simplicity of the experiment, one kind of seed and one kind of plant leaf were supplied as food. The foxtail millet (Setaria italica) was used as the seed and live green leaves of cabbage (Brassica olearaceal var. capitata) as the plant leaf. The dry matter content of the millet seeds was about 88% and that of the cabbage leaves (excluding large nerves) was 6-8%.
Water and small pieces of oyster shell were also supplied in addition to the millet seeds and the cabbage leaves. They were always supplied and the birds could take them freely. The mixture of husked seeds of millet and the yolk of hen's egg was also supplied before and during the egg-laying period.
Measurements of Body Weight and Food Consumption Body weight. Food not eaten by birds was removed before the light was turned on. The weight of nestlings was measured every day immediately after lightening. Adults were frequently weighed after excretion which usually took place within several minutes after the light was turned on. The body weights of both nestlings and adults were recorded to 0.01 g.
Food consumption. Husked millet seeds and cabbage leaves weighed were supplied to the birds every day after the body weights were measured and the floors of the cages were cleaned. Fresh cabbage leaves excluding the large nerves were supplied. On the next day, the all foods remained were removed before the light was turned on. The remaining millet seeds were dried at 83* for 48 hours and the cabbage leaves for 24 hours, and they were stored in a desiccator till weighing. From the ratio of the dry weight to the live weight of them, the dry weight of the food supplied was calculated. The difference between the dry weight of the supplied food and that of the remainings were regarded as the amount of food consumption.
The daily food consumption of a brood was calculated by subtracting that of the parents during the preceding incubation period from that of a whole family including both the parents and all of their nestlings. These calculations were made on the assumption that the parents daily consumed approximately the same amount of food during the feeding of the nestlings and the incubation. This assumption was ascertained to be reasonable through other experiments under the same conditions, though energy allocation might be changed a little. Food consumption of a pair during the incubation period was measured for 4-8 consecutive days.
All experiments were carried out at 24*1* and under the 14-hour photoperiod (14L: 10D).
Results
Body weight and food consumption of adults.
The mean body weight of adults was 13.2 g live wt. (Table 1 ). There was no significant difference between males and females. The mean daily food consumption of a pair during the incubation period is also shown in Table 1 . A pair consumed 4.29 g dry wt. of millet, 0.21 g of cabbage and a total of 4.50 g of food in average. The ratio of the amount of cabbage to the total amount of food consumed in g dry wt. was 4.7*0.24 (S.E.)%.
Development of nestlings. The mean body weight of nestlings from their hatching till the 25th day was shown in Fig. 1 . The mean weight of nestlings on the 25th day was 71.7%of that of adults. The development of feathers began about on the 7th day after hatching.
The largest individual in a brood fledged on about the 24th day and others did within a few days following the first fledgeling.
In the fledging period no increase in the body weight occurred, or even a decrease was observed, although the body weight of smaller nestlings in a brood sometimes continued to increase. The period from hatching to fledging was roughly the same in the experiments and under the usual condition in which several kinds of seeds and green leaves were supplied and temperature and photoperiod were not controlled.
Amount of millet and cabbage fed by parents to nestlings. The date used were obtained from ten experiments using six pairs whose brood sizes varied from 2 to 6, being 3.9 in average.
There The changes in the amount of millet, cabbage, and the total food fed to nestlings are shown in Fig. 2 . The amount of millet fed to the nestlings first increased with the increment of the nestling weight and then became constant, or slightly decreased from the 19th to the 25th day.
The patten of change in the amount of Fig. 1 . Growth curve of nestlings in broods of two to six (m=3.6). The mean value was obtained from 42-62 nestlings, including those whose consumption of food was not measured. reached a maximum about on the 12th day and then began to decrease and finally became nearly constant after the 20th day. During the later stages the amount of cabbage fed to a nestling was nearly the same amount as that consumed by a parent (ca. 0.1 g dry wt. per day), whereas the amount of millet fed was less than that consumed by a preterit (Fig. 2) . In the 25th day the ratio of the cabbage to the total was 5.3%. The ratio of the amount of cabbage to the total amount of food fed to the nestlings is shown in Fig. 3 . It decreased from about the 5th Fig. 3 . Daily change in the proportion of the amount of cabbage fed to the nestlings to the total amount of food fed.
to the 20th day, ranging from 14 to 5%. Though a tendency for the ratio to decrease with time was observed, the effect of it on the pattern of change in the total amount of food in dry wt. seemed to be negligible (Fig. 2) .
Discussion
Birds take some range of food depending on their food habit, and they may have the ability to take foodstuffs to satisfy the nutritional needs as much as possible under the given conditions. Food selection, depending in part on nutritional value, may be done not only for themselves but also for their nestlings. The change in the food composition of growing nestlings may be due to the feeding efficiency of the parents (ROYAMA, 1970) and also, in part, may correspond with the change in the nutrient requirements of the nestlings (WARD, 1965) .
Adult bengalees eat millet and cabbage in a certain proportion (Table 1) under the condition where both foods were sufficiently supplied. A bengalee seems to maintain a nutritional balance in the diet as much as possible under the given condition. BROWN (1969) also discussed the nutritional balance of diet of birds in his paper dealing with seed selection of a pigeon Columba livia supplied with seed mixture.
The parent bengalees gave millet and cabbage to their nestlings. The amount of millet and cabbage fed to them changed with time (Fig.  2) . The pattern of change in the amount of millet fed differed from that of cabbage, although both foods were supplied sufficiently.
The pattern of change in the amount of millet fed was similar to the growth pattern of the nestlings. Such a pattern of change in the amount of food fed to the nestlings was seen in the great tit Parus major (ROYAMA, 1966) , the coal tit P. ater (HANEDA, et al. 1970) , and, though food consumption was calculated from the data of metabolism and growth of the nestling, the house sparrow Passer d. domestics and the tree sparrow P. m. montanus (MYRCHA, et al., 1972) . In these cases the absolute duration was not always the same. This pattern in the bengalee might reflect the pattern of change in the intensity of the food need of the nestlings.
Though the amount of the total food consumption of a brood was different depending on the brood size, the difference between the pattern of change in the amount of the millet and the cabbage fed was seen more or less in each case. Such a pattern might presumably show one of the innate behavioural characteristics of the adult bengalees feeding their nestlings. That is, they might collect millet in response to the intensity of the food need of the nestlings, and collect cabbage not only in response to that but also according to the development stage of the nestlings.
Cabbage as food seems to have some effects on the growth of the nestlings, though the amount of it in dry wt. fed to the nestlings was less than that of millet. The meanings of cabbage fed are thought to be as follows.
Cabbage leaves were supplied as sources of vitamins and some other minor nutrients besides as sources of major nutrients such as carbohydrate, fat and protein during the early period when the percentage of the amount of cabbage to that of total foods was not so low (Fig. 3) .
Water supply through the cabbage may also be important. The water content of millet seed was relatively small. If cabbage leaves of which the water content was very high were not supplied, the parents had to take more water. Under some conditions, such as absence of adequate free water, it may be very effective to feed the cabbage leaves to the nestlings, though the parents frequently drunk water even when they fed the cabbage as well as in the experiments without the cabbage.
When millet seeds and cabbage leaves are mixed in the crop of a nestling, the former was made moist more easily, and mechanical digestion could be made more effectively. This may cause the increased digestive efficiency or the decreased time for digestion, and may enable the nestlings to gain more assimilated energy or matter per unit time if foods are sufficiently supplied by the parents.
It appears that the first and the third of these are especially important for the growth of the nestlings. I examined preliminarily the difference of live body weight of nestlings between when the cabbage and the millet were supplied and when the millet only was supplied. The body of the nestling in the former case tended to be havier a little and apparently more healthy than that in the latter case, though the differences were not so remarkable. It has been known empirically among bird keepers that the bengalees reared without green leaves are less healthy than with green leaves.
In the red grouse Lagopus lagopus, whose main food is heathers, their limiting nutrients were thought to be protein and phosphorus, and they selected heather particularly rich in nitrogen and phosphorus among those which were available (MOSS, 1967 (MOSS, , 1972 . The food selection of the hen red grouse seemed to affect the vaiability and therefore the mortality of young chicks through the quality of the eggs (MOSS, 1972) .
In bengalees, therefore, if the food is not limited to foxtail millet seeds and cabbage leaves and if the parents are allowed to choose freely from green leaves and seeds of various kinds, ages and parts, the effect of food on the growth of nestlings may presumably be more remarkable.
In Fig. 4 , the mean daily increment of the nestlings' body weight is shown. The similarity of the pattern of change in the amount of the cabbage fed and daily weight increment was obvious except for the later periods (Figs. 2, 4) . The change in the amount of cabbage fed may be correlated with some change in the nutrient requirement of nestlings. This is thought to be an interesting problem that should be solved by future investigations.
Summary
The amount of seeds of foxtail millet and green leaves of cabbage consumed by a pair and fed to nestlings was measured in the bengalee Lonchura striata var. domestica under experimental conditions of a constant temperature of 24*10* and 14-photoperiod (14L:10D). Each pair consumed daily 4.29 g dry wt. of millet seeds and 0.21 g dry wt. of cabbage leaves. The latter was 4.7% of the total amount of food. The amount of millet fed to the nestlings increased from hatching till the 19th day and then became constant and/or slightly decreased. In contrast, the amount of cabbage fed to the nestlings increased till the 12th day but thereafter decreased and after the 20th day became nearly constant. On the 25th day the ratio of cabbage to the total food was 5.3%. The pattern of change in the total amount of food fed to the nestlings was similar to that in the amount of the fed millet because of the less proportions of the amount of cabbage.
